A novel and compact frequency-agile slot antenna is presented. The antenna is switchable between 5.03-6.90GHz at twenty four different frequencies and is capable to operate multi frequency at a time. The proposed antenna has two slots etched out, one in the ground plane and another in the patch. To attain frequency agility, the effective lengths of these slots are altered by use of four p-i-n diodes which are placed within these slots at predetermined positions. Results such as return losses, gain, bandwidth and radiation patterns are presented in this paper.
Introduction
In last decade, frequency-agile antennas have gained phenomenal popularity due to several advantages it offers, especially for wireless applications like cognitive radio system. The fundamental design of cognitive radio system generally includes two antennas. One is a frequency agile antenna that can dynamically adapt its characteristics to transmit within the unused electromagnetic spectrum. The other is a wideband antenna that is used to scan the electromagnetic spectrum and looks out for unused electromagnetic spectrum. Antenna agility in radiation pattern, polarization and frequency has a capability to fulfill current and future demand for a cognitive radio system. To achieve agility in frequency, radiation pattern or polarization, PIN diodes or varactor diodes are generally used. In [1] , a frequency reconfigurable microstrip patch-slot antenna is presented, which is shown to be agile at eight different frequencies between 1.98 and 3.59 GHz. The reconfigurable rotated-T slot antenna has been described in [2] , which operates at eight adjacent frequencies between 6.0-10.6 GHz. Similarly, in [3] , the antenna can be reconfigured for 16 different frequencies within a wide bandwidth from 0.8 to 3.0 GHz .In [4] , a simple way to achieve the antenna agility is by connecting or disconnecting antenna segment. Similar approach has been followed in [5] - [7] , in which p-i-n diodes have been used to alter the dimensions of the slots. Some of frequency agile antennas are presented in [8] - [10] . Most of these have slots either in the ground plane or in the Patch, but not in both. However, as shown in http://www.ispacs.com/journals/acte/2015/acte-00202/ International Scientific Publications and Consulting Services this paper, by placing slot both in Ground Plane and in the Patch, additional number of frequency states can be generated. A frequency-agile antenna is presented in this paper which is having a frequency tuning ratio of 1.3:1. The antenna consists of two slots, one is at microstrip patch and another is at antenna ground plane. To achieve frequency agility the four p-i-n diode are placed into the slots i.e. two p-i-n diodes is placed at ground plane slot and other two diodes are placed into the patch slot. The antenna guarantees an overall of 2 4 =16 different states with multi-frequency resonances between 5.03-6.90 GHz using four p-i-n diode. For simulation purpose, instead of p-i-n diode, a thin metal strip of 2mm X 1 mm is used. The antenna has a compact size with a dimension of 35.4mm X 53.95 mm. In this paper, results such as Return loss, Gain, Radiation Pattern and Bandwidth are shown.
Designs and Configuration
The details of the structure of the proposed antenna are given in this section. Fig. 1 shows the structure of the proposed antenna. The antenna has been designed with Rogers RT/ duriod 5880(tm) substrate having Ɛr=2.2. The substrate has thickness of 0.51mm and tan (δ) value as 0.0009. The patch slot has length of 14mm & width of 2mm. Similarly the ground plane slot has length of 15mm and width of 2mm. During the simulation, four metal strips of 2x1mm 2 are placed in the slot in place of p-i-n diodes. By changing effective length of the slot by using metal strips, multi-frequency resonances can be obtained. The simulation performance of the frequency-agile microstrip patch slot antenna of various states are summarizes in Table 2 . http://www.ispacs.com/journals/acte/2015/acte-00202/
International Scientific Publications and Consulting Services As shown in Table-2, the proposed antenna is able to operate at twenty four different resonance frequencies, but in [1] , the antenna operates at nine different frequency bands. Similarly in [2] , the antenna for cognitive radio systems can operate only eight different frequency bands. Also the proposed antenna consist of less number of switches but in [1] - [2] , the no. of switches is more, which adds complexity to the communication system as the biasing will be more complicated, So the proposed antenna has capabilities to fulfill the requirement of cognitive radio systems. The simulated radiation pattern of microstrip antenna of various states at the different resonant frequencies is shown in Fig.6 to Fig. 21 shows the radiation pattern. For some of the states, a highly directional radiation patterns are observed, some states have bidirectional and few have omni-directional pattern. The antenna has the ability in operating at twenty four different frequencies. Since the proposed antenna supports multifrequency and is compact so it is suitable for Cognitive Radio applications. The value of the gain for the proposed antenna ranges between 1.3 and 7.5 dBi.
Conclusion
A frequency-agile microstrip slot antenna has been presented in this paper which is compact in size. By using four PIN diodes, which are built into the slots, the proposed frequency-agile microstrip slot antenna is able to hop between twenty four different frequencies within the frequency range of 5.03-6.90 GHz. A frequency ratio of 1.3:1 is obtained for the proposed antenna.
